Introduction
Circularly polarized (CP) antennas are attractive to wireless communications applications simply because less strict orientations are required for mobile stations (the end user) with respect to base stations. To achieve CP operation, many designs of patch antennas have been reported in the literature. However, for the designs utilizing dielectric substrates, single-feed, single-element patch antennas are usually with a narrow CP bandwidth of about 2% or less [1] [2] [3] [4] [5] , which limits their practical applications. In this paper, we demonstrate that by introducing a new feed structure (see Fig. 1 ), a single-element patch antenna can achieve a wide CP bandwidth. With the proposed probe feed and ground configuration, good impedance bandwidth with VSWR below 1.5 over the 2.4 GHz WLAN band can be obtained. In addition, good broadside, CP radiation characteristics have also been observed. The design prototype has been built and aimed for operation in the 2.4 GHz (2400-2484 MHz) WLAN band. The proposed antenna is designed for access-point applications in the WLAN environment. Details of the antenna design are described, and experiment results are discussed. Fig. 1 shows the perspective view of the proposed, broadband CP patch antenna for operation in the 2.4 GHz band. Detailed dimensions are given in Fig. 2 . The radiating patch is in the shape of a rectangle with size 60 mm (L) x 70 mm (W) and has a small bent portion (7 mm in length) at one of the patch radiating edges. At two diagonal comers of the patch, two isosceles-triangle portions (side length of 22 mm) are cut to realize perturbations of excited surface currents for obtaining two orthogonal, near-degenerated resonant modes for CP operation. The antenna ground plane is bent three times into a step-shaped structure and consists of four portions: two horizontal plates, one vertical plate, and one inclined plate. The angle between the inclined and horizontal plates is 135°. A 50-0 SMA connector of the probe feed is located in the center of the inclined plate below a via hole. In this case, the probe pin of the probe feed is inclined at an angle of 45°(see Fig. 2 ). For matching the input impedance of the antenna, the length of the probe pin was carefully tuned. When a thick air substrate is utilized for the radiating patch, large inductance introduced by the probe pin may occur, which can be compensated for additional capacitive reactance arising between the vertical plate (of the ground) and the patch bent u.s. Government work not protected by U.S. copyright portion and between the inclined plate and the bent portion. At last it should be noticed that an optimal feed location for the proposed design is set in the middle of the patch radiating edge facing the inclined ground plane. The parameters of the design prototype can be obtained with the aid of Ansoft HFSS.
Antenna Design
Experimental Results and Conclusion Based upon the antenna configuration shown in Fig. 2 , a design prototype has been constructed and tested. Fig. 3 shows the measured and simulated return loss for the design prototype. Good impedance bandwidth defined by 1.5: 1 VSWR (14 dB return loss) can be obtained and reaches 590 MHz (2010-2600 MHz) or about 24% with respect to the center operating frequency at 2450 MHz, easily covering the 2.4 GHz band. Measured axial ratio in the broadside direction for the designed prototype is presented in Fig. 4 . The obtained 3-dB axial-ratio bandwidth reaches 150 MHz (2390-2540 MHz) (about 6% with 1.5:1 VSWR). Notice that in this study, the minimum value of the axial ratio also occurs at about 2450 MHz, the center frequency. In addition, from the measured return loss shown in Fig. 3 , the operating frequencies within the obtained CP bandwidth are also seen to be with return loss better than about 17 dB. Fig. 5 shows the measured, spinning-linear radiation patterns with the two principal planes at 2450 MHz for the constructed prototype studied in Fig. 2 . Slight asymmetrical radiation patterns are first seen, which is owing probably to the presence of the vertical ground in the proposed design. As for the backward radiation, it is seen to be less than -10 dB, compared with the main lobe in the broadside direction. Fig. 6 plots the measured peak antenna gain for the operating frequencies within the obtained CP bandwidth. The peak antenna gain reaches about 10.5 dBi, and the peak-gain level is about 9.5 dBL More related results will be presented in the upcoming Conference. 
